We present simple devices operating on the basis of mass spectrometers and time-of-flight techniques for the detection of kinetic energy distributions of neutrals and ions desorbed by photon excitation from adsorbates. We use data on photon stimulated resorption of 0+ and 0°from chemisorbed monolayer of CO to demonstrate the capabilities of our instruments.
grid and positively biased ( 300V <OU,.~Pl.,"< 1000 V). Ions are desorbed by narrow bandwidth photon pulses of 300 to 500 ps duration at a repetition rate of 208 ns (SB modus of BESSY).
They are accelerated into the TOF tube, pass through the drift path between the entrance grid and the first grid of the MCP assembly with constant velocity, and are further accelerated by a negative voltage that is applied to the second grid of the MCP assembly (U~riti2). They finally enter the MCP stack which is optimized for minimal skew in time, and the resulting electron pulses are processed with a fast multichannel analyser (see ref.6 for details). The multichannel analyser processes up to 4 events per one period of 208 ns. The front side of the fust MCP is positively biased with respect to the second grid by 50 V. All potentials are selected in a way that i) optimum shapes of the ion TOF-spectra are obtained (see below), ii) fast photo and decay electrons which would yield signals much larger than the ions are prevented from entering the MCP stack, iii) the ions have sul%ciently high kinetic energies for good quantum yields of the MCPS, and that iv) the front side of the frost MCP faces a negatively biased environment in order not to loose slow secondary electron. We obtain spectra with several peaks according to the number of ion species that are desorbed. For 01s excitation of CO/Ru(OOl), we obtain maxima for 0+, C+, 02+, and CO+. From the positions of the trailing edges of the individual peaks on the TOF scale we obtain the masses of the individual ions, and from the shapes of the maxima the ICE distributions. Intrinsic KE adds to that acquired by the electrostatic acceleration between the surface and the entrance grid and shortens the flight time of the particles, shifting their maxima to the lefl on the TOF scale.
We note that without fiu-ther evaluation the spectra are not unambiguous, because the transit times of the ions are longer than one SB period. This ambiguity is removed by i) calculations of the ion transit times as a function of their masses and initial KE, and ii) by calibration runs with different potentials and different lengths of the drift path~. Two different modes of operation are possible. In the low resolution mode we adjust ld and U,a~P1ein a way that we obtain all maxima well separated, although not optimally resolved in shape because of the limited space that is available for each peak on the TOF scale between two light pulses. In the high resolution mode we make& long and Umple small,Warrantinga goodKE resolution (after transformation fkom the TOF into the KE domain) for one selected species. For&= 340 mm and U-Pl. = 300 V, we obtain AEK = 0.16 eV for mass 16 (O+). To avoid overlapping of the individual peaks which are broader under these conditions compared with the overview modus sketched above, we fine-adjust our potentials in order to separate only one maximum. All the others are shifted together and moved to the edges of the spectrum.
The neutral particles are detected with a highly sensitive quadruple mass spectrometer (QMS) fitted with a liquid helium cooled copper cap over the ionizer (see Fig.2 ). The residual gas molecules in the ionizer region are removed by condensation and cryo trapping onto the inner surfaces of this cap. Two Ti evaporation sources around the ionizer and around the QMS rod assembly deposit an efficiently pumping getter film onto the cold inner surface of the liquid helium cooled containment /7/. In order to obtain KE distributions of the desorbing neutrals, we modulated the ion source of the QMS by applying a skewed square wave potential which varies between +1OVand+120 V with respect to ground to its continuously heated filament. Electron emission and electron impact ionization only occurs during the duration of the periodic minimum of this voltage. The KE of the particles is derived from their TOF between ionization and detection with a chameltron. As for the ion detector described above, intrinsic ICE shortens the transit time through the mass filter. The electron emission current (0.3 mA for the duration of the pulse), the electron energy (70 eV), the field axis potential of the QMS filter with respect to the ionizer (20 ev), and the duration of the electron pulses (from 500 ns to 2.5~s) are optimized for maximum sensitivity in combination with best TOF resolution. In particular the low electron emission currents is decisive for a minimal broadening of the TOF distributions by space charge accumulation. To discriminate the background signal due to residual gas, we chop the photon beam at a frequency of about 20
Hz with a duty cycle of 50Y0, and accumulate the signal flom the electron multiplier in different pages of the multichannel scaler for the on/off periods. We then subtract the background signal (i.e., we subtract "off" from "on"), and deconvolute the transmission function of our detector from the TOF distributions obtained in the PSD experiment. To obtain the transmission fimctio~we measure TOF distributions of slow particles which have the same mass as those monitored in the PSD experiment. For the calibration of the 0°spectra of Transforming from the TOF into the ICE domain, we make energy dependent corrections of the signal amplitudes according to the Jacobian of the transformation (because of the strong post-acceleration, these corrections are very small for the KE distributions of ions). For the neutrals we also correct for the KE dependent ionization probability of the electron impact ionizer, which essentially is a flux and not a density detector. We note that the main disadvantage of our TOF devices is that the exact calibration of the zero point of the KE scale is difficult. Differential KE shifts are much more accurate than the absolute value. Despite this drawback however, we think that these methods are usefi,d because i) the acquisition of twodimensional areas of closely spaced KE = KE(hv)-data points as depicted in Fig.3 for PSD of ions is very time consuming with conventional, low transmission mass spectrometers and energy dispersive analysers, and because ii) to the best of our knowledge no data exist as yet on the ICE of any neutral atomic or molecular species desorbed by narrow bandwidth core excitation. respectively /4/). The assignment of the n-resonance is unambiguous, and that of the 2h2e state has been corroborated by polarization resolved photoabsorption measurements for the isolated molecule /9/ and by calculations/10/. For photon energies beyond 570eV we find a shallow minimum of the 0+ yield followed by a continuous increase due to multiple shake-off states /4/. In the pre-'tieshold region, the O+-signal due to valence and C 1s excitations is rather small.
Results

Fig.3 shows KE distributions of 0+ ions desorbed by 01s excitations (AXY-light
Inspecting Fig.3 we clearly can discriminate different regions of KE. The fastest O+ions are observed in the pre-threshold region, for the n-resonance, and for the energy range between the n-resonance and the onset of the multi-electron states. Data obtained in the high resolution mode of our instrument (not shown; because of the limited space available here, we can only present a selection of our datq more details will be published elsewhere/11/) show that the ICE distribution at the n-resonance is bimodal with a second maximum extending to higher ICE.
The ions with the lowest KE are observed for 2h2e excitations, although the fast channel that predominates for the pre-threshold and the n-resonant regions persists there as well, and is slightly enhanced at the energy position of the 2h2e state. Proceeding to even higher photon energies, we find a fourth KE channel at the 3h3e state, which also exists beyond the threshold for multiple shake-off states. In spectra recorded with AZ-light we find identical, well In summary, we have shown that simple TOF devices can supply interesting results on DIET from adsorbates. The performances of our set-ups can be considerably improved in the fiture, for the ion experiment by using undulator radiation for increased count rates, and for the neutrals by applying an ionizer with better ion optics for increased sensitivity and decreased broadening of the TOF distributions by space charge accumulation. Particularly for dense twodimensional ion data-sets the TOF approach is unsurpassed. Kinetic Energy (eV) Fig. 4 
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